Objective: To determine the impact of vitamin A supplementation on child morbidity and nutritional status. Design: A community based follow-up (interventional) in nature. Setting: Two randomly selected Weredas (districts) of Tigray, North Ethiopia were studied between 1996 and 1997. Subjects: Four thousand seven hundred and seventy children aged between six and 72 months, selected using a multi-stage sampling procedure were enrolled and clinically assessed for xerophthalmia and nutritional status. A sub-sample of these children (n = 281) was further assessed for their serum retinol levels. 
INTRODUCTION
Vitamin A deficiency (VAD) is a global public health problem affecting populations in more than seventy-five developing countries, where clinical and sub clinical conditions have been observed (1) . It is one of the major causes of childhood morbidity in economically deprived countries. As it is associated with impaired growth failure and high incidence of infections, it also contributes to increased childhood mortality (2) (3) . Evidence now shows that the survival chances of pre-school children are increased when vitamin A status is improved through biannual distribution of mega dose capsules (4) .
In Ethiopia, several studies have established the fact that Vitamin A deficiency is a major public health problem (5) (6) (7) (8) . A more recent study conducted in three regions of rural Ethiopia has also shown Vitamin A deficiency to be a serious public health problem even in areas where previously low prevalence rates have been reported (9) . Cognizant of the problem in the nation, an attempt was made by the government to supplement mega dose vitamin A capsule through the existing health infrastructure of the Ministry of Health since 1998. Although the supplementation programme was disease targeted, universal supplementation was also attempted in Arsi region, south west of the capital, where VAD emerged as an epidemic in 1995. Based on the lessons learned from these trials of 1995, the Ministry of Health adopted a universal vitamin A supplementation strategy in most parts of the country among which one of the areas was Tigray region. The newly adopted strategy was a biannual provision of 200,000 IU for all children aged between one and five years, and a single dose of 100,000 IU for all children below one year, with the objective of reducing the incidence of VAD and VAD associated morbidities in the country.
In order to evaluate the impact of the adopted intervention programme, and get a more complete and reliable estimation on the prevalence of vitamin A deficiency, vitamin A capsule coverage, morbidity and nutritional status in randomly selected Weredas of the region, biological and ecological indicators were collected before and after the implementation of the programme.
The pre-intervention survey was conducted in May/ June 1996, in a total of 5253 children aged between six and 72 months were examined for xerophthalmia and assessed for their health and nutritional status and serum retinol levels (n = 247). The results showed that vitamin A deficiency and malnutrition was of major public health problem.
In this study, pre and post intervention data on morbidity and malnutrition for the 1997 survey in the Tigray region is presented to assist institutions working towards the elimination of Vitamin A deficiency in Ethiopia in implementing or monitoring and evaluation of intervention programmes.
MATERIALS AND METHODS
This was a cross-sectional follow-up study which made use of constructed comparison of baseline data to evaluate the one year relative impact of the universal vitamin A capsule supplementation programme in two randomly selected Weredas (districts) of Tigray region between 1996 and 1997. The region is located 780 kms north of the capital city. The climate in the region is dry and agriculturally poor. The main crops grown in the area are sorghum, tef (Eragrostis tef), maize, and barley. The two study Weredas were 60 kms from the centre of the region.
The size of the sample for clinical examination was defined with the objective of comparing xerophthalmia status in the study groups before and after programme implementation. Assuming a 1% average prevalence of Bitot's spot, the intervention was designed to test a 50% reduction in the incidence of xerophthalmia with 80% power of demonstrating a significant difference at 5 % level. This gave a sample size of 5,684 (2842 per Wereda) in the two study Weredas.
Informed oral consent was obtained from the mothers/care takers of all the children participating in the study after the nature and the objectives of the study were clearly explained to them. Data were then collected on vitamin A status and coverage, morbidity and nutritional status from all the children using a pretested structured questionnaire, and a sub-sample of these children were further assessed for their serum retinol concentration levels.
A total of 4770 children (83.9% of the required sample size), aged between six and 72 months were examined for xerophthalmia in accordance with WHO classification for xerophthalmia by trained physicians(10-11), and assessed for morbidity, nutritional status and vitamin A capsule coverage; while a sub-sample of these children (n = 281) were further assessed for serum retinol level.
For all anthropometrics measurements, children wore light clothing and were barefoot. Weights of children were measured to the nearest 0.1 kg with a portable beam balance, calibrated at regular intervals. Length and height measurements were made to the nearest centimetre with a locally made wooden board with fixed footplate and separate headboard. Recumbent length was measured for children aged above 24 months, and height was measured for older children; height-for-age, weight-for-age, and weight-for-height z scores (HAZ, WAZ, and WHZ, respectively) were derived by using the National Centre for Health Statistics (NCHS) reference standards (12-13), for determining nutritional status. The results were classified as stunting, underweight or wasting if they had height for age, weight for age and weight for height scores -2 SD below the corresponding NCHS reference.
Blood samples for retinol analysis were taken from the ante-cubital vein using vaccutainer system from every 20th child selected systematically. The collected blood was centrifuged at ambient temperature in dark room and the clear serum was pipetted into cryo-vials and stored at -20˚C until transported to South Africa (University of Stellenbosch) for serum retinol analysis. Serum retinol was analysed in a room illuminated with yellow light by an isocratic HPLC method of Bieri et al (14) . The HPLC instrumentation was a Varian Liquid Chromatograph (model 5000, Varian Associates Inc., Palo Alto, CA). An C 18 -reverse phase column (µBondapack) was used (4x125mm with 5µm particle size) An C 18 µBondapack guard column was attached to the primary column. Sample preparation was by following the method of Driskell et al. (15) . The internal standard solution, which contained all-trans-retinyl acetate in absolute ethanol, was added to the serum. An aliquot was injected into a column using a Rheodyne (model 7161; Rheodyne, Cottai, CA) with a 20 µL sample loop and eluted at ambient temperature with an isocratic solvent, HPLC grade methanol: water (95:5 v/v) at a constant flow rate of 2.0 ml/min. Absorbance was monitored at 285nm with a Variable Wavelength Detector (model, Varian Associates Inc., Palo Alto, CA). A Varian integrator (model 4290, Varian Associates Inc., Palo Alto, CA) was used to calculate peak areas. Retinol was quantified by comparing the peak area of retinol with that of retinyl acetate internal standard peak area assayed simultaneously (14) . Normal limits of serum retinol concentrations were established according to the criteria described by WHO and Van der Beg (16) (17) , which considered concentration >0.7 micro-mole per litre, < 0.7 and 0.35 micromole per litre as normal, indicative of moderate risk, and high risk of deficiency respectively.
Data were analysed for changes in morbidity, nutritional status and serum retinol levels using the Statistical Package for Social Sciences (SPSS) and ANTHRO softwares. To compare the difference before and after the intervention of the programme a Chi square and t-tests were used for dichotomous and continuous outcomes respectively.
RESULTS
Overall coverage of vitamin A capsule in all the villages during the one-year period was 87%. The pre and post intervention distribution of clinical and sub-clinical xerophthalmia is shown in Table 1 . The prevalence of night blindness (XN) slightly changed from 0.9% to 0.8%, which may imply that the ongoing intervention was not significant when XN is considered (P > 0.05). On the other hand, the reduction in the incidence of Bitot's spot's, which was three folds reduction, was highly significant (P <0.01).
The proportion of children with normal levels of serum retinol concentration of children substantially increased from 36.8% to 56.2%, which is nearly three fold (Table 1) ; while the proportion of children with moderate risk reduced from 16.2% to 6.8% (about three times) children with high risk of deficiency reduced from 47.0% to 37.0% (about 1.5 times). When compared with the baseline data, the proportion of children with normal values of serum retinol concentration, the improvement achieved after the intervention was significantly higher than the proportion at baseline (p = 0.01). This finding is supported by the significant improvement in the mean values of serum retinol concentration for the Weredas (0.80 ± 0.31, p = 0.0001). There was no sex difference observed in retinal concentration among the children (data not shown).
The proportion of malnutrition according to the three malnutrition indices is shown in Table 2 . The proportion of malnutrition at the baseline was significantly higher than after intervention. (p < 0.05 for stunting, p < 0.01 for wasting and p < 0.01 for underweight). Total number of children examined before and after intervention were 5253 and 4770 respectively; SE = Standard error *Significant at 0.05 **Significant at 0.01 Table 3 Selected morbidity status before and after the intervention (%) Table 3 shows the proportions of children with different types of selected illnesses after intervention. There was significant reduction of the following morbidity incidences: fever (p <0.01), diarrhoea (p < 0.05), measles (p < 0.05) and conjunctivitis (p < 0.01). However, reduction in the proportion of cases of cough (p > 0.5) was not statistically significant.
DISCUSSION
According to WHO, the evaluation criteria that make it possible to state whether VAD is a public health problem are 1% for night blindness and 0.5% for Bitot's spot (16) . In the present study, the post intervention figure obtained for night blindness remained practically the same as the baseline result. Although, history of night blindness has been reported to be a valid index of vitamin A deficiency among pre-school children (11) , and potentially useful in screening xerophthalmia, its usefulness is questionable because of its subjectivity and misconception of the symptoms especially in developing countries. This raises a question on its usefulness of xerophthalmia for screening, particularly in evaluative studies (8) . Given the limitations in use night blindness and since the prevalence of Bitot's spot's is more VAD specific, more reliable and easy to standardize, the discussion will be limited to the results obtained for Bitot's spot's, serum retinol values, nutritional and selected morbidity status.
Several studies conducted in developing countries on the impacts of periodic vitamin A supplementation have shown significant reduction in the prevalence of Bitot's spot's and an improvement in the serum retinol concentration (19) . This is in conformity with study results in the present study. Even though, the three-fold improvement achieved in this study is encouraging, the level of Bitot's spot's of 0.5% in the region is still just at the WHO cut-off point. This indicates that the ongoing supplementation programme needs to be strengthened further with a nutrition education programme for its sustainability.
Malnutrition is probably the most important health problem both because of the long term effects it can have on intellectual and physical development, and because it is the underlying factor causing a great deal of morbidity and mortality (20) . The findings that there was significant improvement in the nutritional indices after vitamin A supplementation support those of other researchers. Associations between anthropometric and xerophthalmia deficit have also been reported in children although are difficult to interpret probably due to confounding factors such as low dietary vitamin A intake, low protein and energy consumption, poor socio-economic status, and vulnerability to infections that inhibit growth (21) .
The degree of VAD is proportional to the degree of growth retardation, stunting and frequent wasting (22) . It also reported to that periodic large dose vitamin A supplementation has significant impact on growth in children with xerophthalmia (21) . Similarly, studies in India (23) and Nepal (24) and Indonesia(25) reported improved growth with Vitamin A supplementation. The results indicate that vitamin A supplementation has significant effect in reducing child morbidity due to diarrhoea, fever, conjunctivitis and measles are in conformity with studies by other researchers (26) . However, the study has failed to show a similar effect on cough. This is in conformity with findings by Dowell et al.(26) . Despite the observation made by the two studies, further work is needed to explain the differences.
Cross-sectional on studies of impaired vitamin A status and various infections conducted in many developing countries have showed strong association between VAD and severe, chronic, persistent diarrhoea (22, 24) .
In conclusion the coverage of VAD during the oneyear period (87%) shows a relatively better achievement when compared to the Cambodian experience (27) . It is likely that it has substantially reduced the prevalence of clinical and sub-clinical vitamin A deficiency. The data has also clearly indicated an improvement in morbidity and nutritional status. Periodic Vitamin A supplementation can therefore, together with nutrition education be recommended for sustainable supplementation programme.
